Abstract -It was found t h a t a new PD-NMR technique, HMBC (Heteronuclear
INTRODUCTION

A new 20-NMR technique HMBC (Heteronuclear M u l t i p l e Bond C o n n e c t i v i t y ) ( r e f . l), which i s very useful f o r s t r u c t u r a l s t i e o f complicated n a t u r a l products, has r e c e n t l y been p2oposed. This method detects ' ?' C-' H l o n g rang couplings separated by two o r t h r e e bonds ( Jc-H o r 3J -H) by t h e most s e n s i t i v e nucleus fH r e s u l t i n g i n h i g h l y improved s e n s i t i v i t y .
Since t h e inFormation obtained by HMBC r e v e a l s t h e c o n n e c t i v i t y between proton s p i n systems separated by quaternary carbons o r heteroatoms, and since i t s s e n s i t i v i t y i s p r o p o r t i o n a l t o t h e signal i n t e n s i t y o f proton signals, t h i s method i s extremely powerful f o r s t r u c t u r a l
studies o f complicated molecules w i t h many methyl groups such as terpenes and polypropionate derived polyketides; i n most cases, t h e signal i n t e n s i t y o f sharp methyl p r o t o n resonances i s an o r d e r o f m a g n i t u d e s t r o n g e r t h a n t h e o t h e r s i g n a l s and t h e i r c r o s s peaks can be detected w i t h ease i n t h e HMBC spectra. Another advantage o f t h e a p p l i c a t i o n o f HMBC f o r s t r u c t u r a l studies o f complicated molecules w i t h many methyl groups i s t h a t t h e cross peaks f methyl carbons can be very easy analyzed, since t h e carbon next t o a methyl residue (i.2.
; : C: H) i s e a s i l y i d e n t i f i e d by a n a l y s i s o f H-H COSY and C-H COSY. I n t h e case o f terpene e r i v a t i v e g , many methyl carbons are l i n k e d t o quaternary carbons. Thus, t h e d i s t i n c t i o n o f HMkC can a l s o T e s u c c e s s f u l l y u t i l i z e d f o r d e t e c t i n g l o n g range coup1 i n g s between carbons and exchangeable protons.
Therefore, i t i s a method o f choice t o reveal t h e amino a c i d sequences o f peptide d e r i v a t i v e s . A p p l i c a t i o n o f t h i s new NMR method f o r s t r u c t u r a l studies i s described i n t h i s paper.
-H and Jcwhich i s very d i f f i c u l t i n most cases, can e a s i l y be accomplished.
APPLICATION OF H M B C FOR STRUCTURAL STUDIES OF ERYTHROMYCIN
As a f i r s t example f o r s t r u c t u r a l studies by HMBC, t h e a n t i b i o t i c erythromycin ( Fig. 1 ) was selected as a model compound, since i t possessed many methyl groups. I n t h e HMBC spectrum o f erythromycin (Fig. 1, i n C@g, o n l y t h e methyl proton region i s shown), t e n C-methyl and one N-dimethyl groups show t h r e e o r two cross peaks.
Analysis o f t h i s spectrum could be made very s t r a i g h t f o r w a r d l y . A methyl p r o t o n doublet a t 1.27 ppm showed cross peaks w i t h an e s t e r carbonyl (C-1, observed as a f o l d back signal a t ca. 58 ppm), a methine a t 45.4 ppm (C-2) and an oxymethine a t 80.7 ppm (C-3), which w e accommodated i n t h e p a r t i a l s t r u c t u r e , -0OC -C H(CH3)-C H(0)-by t a k i n g account o f t h e i r f5C chemical s h i f t s . SimiSar?y, a m e t i y l proton doublet a t 1.53 ppm showed cross peaks w i t h t h e oxymethine C-3 j u s t explained, a methine a t 40.1 ppm (C-4) and an oxymethine a t 84.2 ppm (C-5), g i v i n g t h e p a r t i a l s t r u c t u r e , -C3H(0)-C4H(CH3)-C5H(0)-.
Thus, t h e carbon skeleton from C -1 t o C-5 was established.
By repeating t h e same procedure, t h e c o n n e c t i v i t y o f t h e carbon skeleton o f t h e aglycone moiety o f t h e a n t i b i o t i c (C-1 t o C-15) became c l e a r .
The c o n n e c t i v i t i e s CH2-C(CH3) (OCH3)-CH(0)-CH(O)-CH3 i n cladinose, and (CH )2N-CH and CH -CH(O)-CH3 i n desosamine were a l s o revealed by HMBC as shown i n Fig. 1 ( i n d i c a t e d by bolc? l i n e s ) .
I n a d d i t i o n t o these p a r t i a l s t r u c t u r e s , d e t a i l e d a n a l y s i s o f t h e HMBC spectrum made c l e a r t h e remaining s t r u c t u r e s such as t h e linkages between C-3 and C-1", and C-5 and C -1 ' (data n o t shown) ( r e f . 2).
. 
A S S I G N M E N T OF THE "C-NMR SPECTRUM OF LYCOCLAVANOL
Lycoclavanol i s a t r i t e r p e n e isolated from L co odium clav t u m ( r e f . 3 ) and i t s structure had been determined by conventional met hods. *e&NMR spectral assignment could be obtained by application of HMBC. As shown in Fig. 2 , each methyl singlet displayed four cross peaks. For example, two methyl s i n g l e t s a t 1.17 ppm and 0.95 ppm showed cross peaks with the three common carbons (37.6 ppm, -C-, 43.8 ppm, -CH-and 75.2 ppm, -CH-0-).
Thus, these three carbons were assigned t o t h e carbons C-22, C-17 and C-21, respectively, and the methyl groups t o C-29 and C-30.
Likewise, the carbons connected by bold l i n e s in Fig. 2 could be assigned very e a s i l y as tabulated in Table 1 . The remaining methylene carbons could also be identified by detailed analysis of the HMBC spectrum ( r e f . 4 ) . I t should be emphasized t h a t the analyses of the HMBC spectra of compounds with many methyl groups such as erythromycin and lycoclavanol were very e a s i l y accomplished giving enough information t o reveal the connectivity of t h e carbon skeletons. 
STRUCTURAL DETERMINATION OF A N E W NUCLEOSIDE ANTIBIOTIC, CAPURAMYCIN
Capuramycin (C H 0 N ) i s a new nucleoside a n t i b i o t i c produced by Streptomyces r i s e u s 446
05'
A d e t a i l e d a n a l y s i s o f t h e COSY and 1 3 C -l H COSY NMR spectra o f capuramycin taken i n CD OD showed t h e p a r t i a l s t r u c t u r e s a, b y and c i n Fig. 3 . d e r e l a t i o n s h i p s between protons and carbons not i n d i c a t e d by these methods were established by HMBC. Thus, t h e p o s i t i o n o f OCH3 (tSH 3.426) on C-3' was e s t a b l i s h e d by t h e cross peak observed between H-3' ( 6 3.843) and OMe (6c 58.7) as shown i n t h e HMBC spectrum o! capuramycin (Fig. 4) .
The l i n k a g e o f an amide carbony; group t o C-5' was confirmed by t h e cross peak between H-5 ( 6 4.671) and C-6' (tic 173.4).
I n a s i m i l a r way, t h e f o h o w i ng c o n n e c t i v i t i e s proved by analyzing t h e same HMBC
spectrum; H-1' t o C-2 and C-6, H-1" t o C-5" 3 an oxygen, H-3" t o C-5", H-4" t o C-5" and C-6", H-2"' t o C -1 " ' , and HThe i n f o r m a t i o n on t h e 1 i n k a g e b e t w e e n t h e s e t h r e e frauments a-c was a l s o obtained from t h e a n a l y s i s o f t h e 6 " ' t o C-1"'.
HMBC spectrum. For example, H-5' ( 6 ; 4.671) and H-1" ( 6 5.239) showed a cross peak w i t h C-1" (6c 101.3) and C-5' ( 6 79.0), r e s p e c t i v e l y , t o r e s u f t i n t h e l i n k a g e o f fragment a and fragment b. The cross pea\ between H-2"' ( 6 4.552) and C-6" (tic 161.9) attached fragment c t o fragment b. Thus, based on HMBC spectra7 analysis, t h e planar s t r u c t u r e o f capuramycin was determined. I t s absolute s t r u c t u r e was e s t a b l i s h e d as shown i n Fig. 5 by X-ray and ORD s p e c t r a l a n a l y s i s ( r e f . 6).
STRUCTURE OF COMPLESTATIN, A N INHIBITOR OF PROTEASE ACTIVITY OF COMPLEMENT I N THE H U M A N COMPLEMENT S Y S T E M
HMBC can a l s o be a p p l i e d f o r d e t e c t i n g long range couplings between carbons and exchangeable protons. I t s a p p l i c a t i o n f o r a peptide compound enabled t o e s t a b l i s h t h e t o t a l s t r u c t u r e o f complestatin.
This m e t a b o l i t e i s o l a t e d from t h e mycelia o f Streptomyces lavendulae ( r e f . 7 ) s t r o n g l y i n h i b i t s t h e hemolysis o f s e n s i t i z e d e r y t h r o c y t e s by t h e complement system (IC5 -0.1 pg/ml).
I t i s t h e most potent compound among t h e known i n h i b i t o r s w i t h a n t i -
by elemental a n a l y s i s and HR-FABMS s p e c t r a l data. TRi *fi-'?n!i "C-NMR s p e c t r a l data showed t h e presence o f 1 X -NCH3, 2 X CH2, 6 X CH, 20 X -CH=, 24 X -C=, 1 X -COOH, 6 X 40-NH-and 1 X -C=O. D e t a i l e d a n a l y s i s o f t h e COSY spectrum o f c o m p l e s t a t i n r e v e a l e d t h e p r e s e n c e o f t h e f o l l o w i n g u n i t s ; 4 X -CO-NH-CH-, 1 X -CO-NH-CH-CH 1 x -CH2-CH-N-, 2 X 1,4-disubstituted aromatic system and two ortho-coupled aromatic pro$&.
Analyses o f t h e HMBC and H-H COSY s p e c t r a o f c o m p l e s t a t i n e s t a b l i s h e d seven p a r t i a l s t r u c t u r e s , i.e., s i x amino a c i d u n i t s and one fragment w i t h a ketone f u n c t i o n (A t o F and G, r e s p e c t i v e l y , i n Fig. 6 ).
The sequence of these fragments could a l s o be obtained by a n a l y s i s o f l o n g range coup1 ings between methine and/or amide protons and t h e carbonyl carbon o f t h e adjacent amino a c i d fragmentZ The arrows i n t h e Figure i By t a k i n g i n t o a c c o u n t t h e overlapping o f t h e carbonyl carbons i n Fig!-& and a d i i o n a l l y observed C-H l o n g range c o u p l i n g s , t h e amino a c i d sequence o f c o m p l e s t a t i n was e s t a b l i s h e d t o g i v e t h e t o t a l s t r u c t u r e shown i n Fig. 7 ( r e f . 8) .
0-
. P a r t i a l s t r u c t u r e s o f complestatin revealed by HMBC s p e c t r a l a n a l y s i s Complestatin i s s t r u c t u r a l l y r e l a t e d t o glycopeptide a n t i b i o t i c s .
The main d i f f e r e n c e s are t h a t complestatin has no sugar u n i t s , and possesses an i n d o l e nucleus.
It i s i n t e r e s t i n g t h a t t h e b i o l o g i c a l a c t i v i t i e s o f complestatin and glycopeptide a n t i b i o t i c s are markedly d i f f e r e n t ; t h e l a t t e r show very strong a n t i b a c t e r i a l a c t i v i t y t o gram p o s i t i v e b a c t e r i a w h i l e coniplestatin i n h i b i t e d t h e growth o f a few gram p o s i t i v e b a c t e r i a a t a very h i g h concentration (ca. 2000 pg/ml).
Tested so f a r , glycopeptide a n t i b i o t i c s showed no a n t icomplementary a c t i v i t y . These r e s u l t s suggest t h a t d i f f e r e n c e o f t h e b i o l o g i c a l a c t i v i t i e s o f glycopeptide a n t i b i o t i c s and complestatin i s not due t o t h e presence o f sugar u n i t s i n t h e former group.
